Recognizing that the safety and efficacy of laparoscopic surgery for rectal cancers have not been fully established, we conducted a retrospective study to determine whether the percentage of the pelvic cavity occupied by a rectal tumor affects the difficulty of laparoscopic rectal surgery or the occurrence of postoperative complications.
Introduction
Laparoscopic surgery is often preferred over open surgery because it is minimally invasive, provides magnification, allows for early recovery of bowel function, and leaves a small scar. It is known to contribute positively toward patients' postoperative quality of life [1] [2] [3] [4] [5] and reported studies have shown no difference between laparoscopic surgery and laparotomy in terms of safety and early-to mid-term outcomes [3] [4] [5] [6] . Laparoscopic colectomy was first described by Jacobs et al. in 1991 7) . Since then, the indications for treatment of colorectal cancer by laparoscopic surgery have gradually expanded, and we began using laparoscopic surgery to treat rectal cancer in 2006. Although laparoscopic rectal surgery is now performed at many hospitals, the 2014 Colorectal Cancer Treatment Guidelines state that the efficacy and safety of laparoscopic rectal cancer surgery have not been sufficiently established 8) . Murakami et al. reported that the risk factors for early complications of laparoscopic rectal surgery include a small pelvis, obesity, giant tumor, preoperative intestinal obstruction, and tumor positioned in the low rectum 9, 10) . These factors increase the procedural difficulty of laparoscopic rectal cancer surgery, and both the likelihood of a high degree of surgical difficulty and the possibility of postsurgical complications are said to be greater when laparoscopic rectal cancer surgery is performed than when other types of colorectal cancer surgery are performed [1] [2] [3] [4] [5] 
8)11)
. The field of view is somewhat limited in patients with a small pelvis, and thus manipulating the forceps, especially when fashioning an anastomosis, is reported to be more difficult 12) . However, there is no practical or clear definition of a small pelvis. Furthermore, even if the pelvic cavity is small, the percentage occupied by the tumor is small if the tumor is small, and this small percentage decreases the degree of surgical difficulty and incidence of complications.
We have questioned whether the degree of surgical difficulty increases with increases in the percentage of the pelvic cavity occupied by either the tumor or the rectum. To answer this question, we conducted a retrospective study in which we calculated the percentage of the pelvic cavity occupied by the rectal tumor and the percentage occupied by the rectum and investigated whether a tumor or rectum occupying a large percentage of the pelvic cavity is a factor related to the degree of surgical difficulty, the postoperative occurrence of anastomotic leakage in individual patients, and to the overall incidence of postoperative anastomotic leakage. The study was approved by the St. Marianna University School of Medicine ethics committee (approval number: 3342).
Patients and Methods
Our study group comprised 100 patients with either rectosigmoid (Rs), upper rectal (Ra), or lower rectal (Rb) cancer that had been diagnosed and treated at St. Marianna University School of Medicine Hospital between October 2012 and March 2016. All of these patients had undergone preoperative computed tomography colonography (CTC), as described below, and all had undergone laparoscopic rectal cancer surgery.
Patients' records were reviewed for the following information: sex and age; body mass index (BMI); location of the primary lesion; pathologic stage; histologic type; pelvic volume (PV), rectal volume (RV), and tumor volume (TV); and percentages of the pelvic cavity occupied by the tumor, by the rectum, and by the tumor and rectum together. Also reviewed were the time from the start of surgery to tumor resection, the blood loss volume, and the number of staples used on the rectal stump. These 3 variables were taken as measures of surgical difficulty. Further, complications in the form of postoperative anastomotic leakage were noted. At our hospital we create diverting ileostomy or insert an anal drain for the case of high risk patients. The expert surgeries in our study were performed by 5 different surgeons.
CTC Procedure
On the day before the CTC study, patients were allowed only low-residue, low-fat foods, and they were given a laxative for bowel cleansing (Figure 1) . CO 2 insufflation was performed immediately before the examination with a PROTO CO 2 L automated CO 2 insufflator (Sekisui Medical Diagnostics Corp., Tokyo, Japan) and an insufflation tube (PROTO CO 2 L catheter set: 6.7 mm, 20 Fr, 30 cc). CTC was performed with an Aquilion ONE ViSION Edition scanner (Toshiba Medical Systems Corp., Tokyo, Japan) equipped with an 80-row 0.5-mm detector. The slice thickness was 0.5 mm, the reconstruction interval was 0.4 mm, and the pitch was 0.813. A non-iodinated contrast agent was used at a dose of 660 mgI/kg, and the total dose was injected over 35 seconds. The bolus tracking method was used to time the data acquisition during the arterial and venous phases. The region of interest was set to the abdominal aorta at ・Pre-treatment (low-residue, low-fat foods, magnesium citrate and senna extract tablets the level of the third lumbar vertebra (L3), the threshold value was set to 250 HU, and the delay time was set to 20 seconds. Equilibrium phase imaging was performed 100 seconds after the contrast injection was started. In accordance with the protocol at our hospital, all CTC examinations were performed by a medical radiographer and radiologist.
Measuring PV, RV, and TV CTC images of the colon were reconstructed on an image processing workstation with Ziostation 2.0 software (Ziosoft, Inc., Tokyo, Japan), which is 3D advanced visualization software. The CT data were used to calculate the PV, RV, and TV. The rectum was divided into thirds: the rectosigmoid junction (Rs), the section above the peritoneal reflection (Ra), and the section below the peritoneal reflection (Rb). Kaufmann et al., who used 3DCT to measure the volume of the pelvic cavity 13) . We defined the pelvic cavity as extending from an imaginary line connecting the pubic symphysis and sacral promontory to the anus, and the PV was calculated by means of an automated extraction algorithm (Figure 2) . The RV was calculated by means of an algorithm that extracted only the rectum present in the pelvic cavity. A similar method was used to calculate the TV. The uterus, prostate, and urinary bladder volumes were excluded prior to these calculations.
Measuring the space occupied by the tumor and rectum
Based on the PV, RV, and TV measurements, the amount of intrapelvic space taken up by the tumor alone and by the tumor and rectum together were calculated as follows:
Amount of space in the pelvic cavity (% PV) occupied by the tumor = TV/PV × 100.
Amount of space in the pelvic cavity (% PV) occupied by the tumor and rectum = (TV + RV)/PV × 100.
Statistical analyses
Values are shown as mean ± SD. Differences were analyzed by chi-square or t-test, as appropriate. Variables determined to be significant in univariate analysis were subjected to multiple logistic regression analysis. All statistical analyses were performed with SPSS (Version 20, SPSS. Inc, Chicago, Illinois, USA), and P < 0.05 was considered significant.
Results
General clinical information obtained from the patients' records is shown on Table 1 . The male:female sex ratio was 61:39, and patients' mean age was 68.1 years (range, 28 -95 years). The primary lesion was located in the Rs section in 29 patients, the Ra section in 38, and the Rb section in 33.
Pathologically, the primary tumor was classified as stage I in 18 patients, stage II in 36 patients, stage III in 38 patients, stage IV in 7 patients, and GIST in 1 patient.
In examining the variables of interest, i.e., the difficulty of surgery and complications, we found that time from the start of surgery to tumor resection was 207.1 ± 71.9 minutes, and the mean blood loss volume was 132.1 ± 180.6 mL. One staple was used on the rectal stump in 44 patients (44.0%), 2 staples were used in 38 patients (38.0%), 3 were used in 6 patients (6.0%); none were used in the remaining12 patients (12.0%). The volume of the pelvic cavity, which is identified as the space extending from the superior marginof the pubis symphysis to the sacral promontorium to the anus, is calculated and referred to as the PV. c) The volume of the rectum within the pelvic cavity is calculated and referred to as the RV. d) The tumor is identified to its full extent; the volume within the pelvic cavity is calculated and referred to as the TV.
Mean PV was 612.8 cc in the total patients, 553.5 ± 92.2 cc in the male patients, and 705.6 ± 148.3 cc in the female patients. The difference in mean PV between the male and female patients was significant (P < 0.004). Mean RV was 230.0 cc in the total patients, 219.9 ± 77.0 cc in the male patients, and 245.7 ± 84.7 cc in the female patients, and the difference between the male and female patients was not significant (P = 0.172). Mean TV was 32.0 cc overall: 34.6 ± 29.4 cc and 28.0 ± 16.0 cc in the male and female patients, respectively (P = 0.501).
Anastomotic leakage occurred postoperatively in 11 patients (11% of the total patient group), in 2 (2.0%) who had undergone Rs resection, 8 (8.0%), who had undergone Ra resection, and 1 (1.0%) who had undergone Rb resection. As shown on Table 2 -1, all anastomotic leaks occurred in male patients; thus, there was a significant difference between the sexes in the development of this complication (P = 0.006).
Univariate analysis revealed significant differences in age (P = 0.009), PV (P = 0.012), TV (P = 0.042), percentage of the pelvic cavity occupied by the tumor (P = 0.011), and percentage of the pelvic cavity by the tumor and rectum together (P = 0.003) between the patients who developed anastomotic leakage and those who did not. These factors were examined by multiple logistics regression analysis, and we found that the age and percentage of the pelvic cavity occupied by the rectum and tumor together differed significantly between patients in whom anastomotic leakage developed and patients in whom it did not develop (P = 0.039), (P = 0.011). In addition, the incidence of anastomotic leakage increased with increases in the age and percentage of space occupied by the tumor and rectum together. We analyzed the Ra cases separately ( Table  2 -2). Analysis of these cases in particular yielded results similar to those in the total patients. Significant differences were found in PV (P = 0.029) and in the percentage of the pelvic cavity occupied by the tumor and rectum together (P = 0.041) between the patients in whom anastomotic leakage occurred and those in whom it did not occur. Multiple logistic regression analysis confirmed the influence of PV (P = 0.016) and the percentage of the pelvic cavity occupied by the tumor and rectum together (P = 0.027). We then examined the entire patient group and the patients with Ra tumors and found that the incidence of anastomotic leakage increased with increases in the space occupied by the tumor and rectum together.
Similar analyses were performed for the Rb and Rs cases. The incidence of anastomotic leakage was low in each of these groups, and there was no statistical significant difference between them.
Furthermore, patients that underwent laparoscopic abdominoperineal resection, laparoscopic intersphincteric resection, or laparoscopic Harttmann surgery were excluded from the following items: incidence of anastomotic leakage, time until rectal resection, volume of blood loss, and number of staples used on the rectal stump.
We plotted receiver operating characteristic (ROC) curves to find the cutoff value for the percentage of the pelvic cavity occupied by the tumor and rectum together that predicted the occurrence of anastomotic leakage (Figure 3) . The cut-off value for prediction of anastomotic leakage in the total patient group was 43.2%, and the cut-off value for prediction of anastomotic leakage in the Ra patients was 43.9%. The probability of anastomotic leakage increased when the intrapelvic space occupied by the tumor and rectum exceeded 43.2% and 43.9%, respectively. We refer to the 43.2% occupancy and 43.9% occupancy as high-percentage occupancies. We then analyzed the degree of surgical difficulty in relation to these 2 cutoff values. As noted above, the degree of surgical difficulty was determined on the basis of the time from the start of surgery to resection, the blood loss volume, and the number of staples used on the rectal stump (Table 3-1). Occupancy of ≥ 43.2% was found in 39 of the total patients, and this group is referred to as the high-percentage occupancy group. In this group, the mean time to tumor resection was 212 minutes, the mean blood loss volume was 153 mL, and the mean number of staples used was 1.77. Occupancy of < 43.2% was found in 49 patients. This group is referred to as the low-percentage occupancy group, and in this group, the mean time to tumor resection was 196.1 minutes, the mean blood loss volume was 81 mL, and the mean number of staples used was 1.35. The blood loss volume and number of staples used differed significantly between the high-percentage occupancy group and low-percentage occupancy group (P = 0.050 and P = 0.001, respectively). A similar investigation was performed on the Ra cases (Table 3-2) . Occupancy of ≥ 43.9% was found in 17 of the 38 Ra patients, and this group is referred to as the Ra high-percentage occupancy group. In this group, the mean time to rectal resection was 205.5 minutes, the mean blood loss volume was 190.7 mL, and the mean number of staples used was 1.94. Occupancy of < 43.9% was found in 21 patients, and this group is referred to the Ra low-percentage occupancy group. In this group, the mean time to rectal resection was 199.4 minutes, the mean blood loss volume was 63.8 mL, and the mean number of staples used was 1.48. The number of staples used differed significantly between the high-percentage occupancy Ra group and low-percentage occupancy Ra group (P = 0.019). 
Discussion
Laparoscopic surgery is widely accepted as treatment for various types of colonic disease, and the surgical techniques are gradually being standardized [3] [4] [5] . Many comparisons have been made between laparoscopic surgery and laparotomy for treating colorectal cancer. There were no differences observed in terms of postoperative survival rates and the oncological outcomes were approximately equivalent according to the COST study and the CLASSIC study 14)15) . The indications for laparoscopic surgery have, in recent years, been expanded to rectal cancer. This is because of the wide view of the surgical field that is provided. However, there is said to be greater likelihood of postoperative complications when laparoscopic surgery is performed for rectal cancer than when it is performed for other cancers of the large intestine. In addition, the risk of complications increases when the procedure is performed in a patient with a small pelvis or giant tumor because these factors increase the difficulty of intestinal dissection and anastomosis. Thus, the safety and efficacy of laparoscopic surgery for treatment of rectal cancer are not yet firmly established 8) .
To ensure safety, we believe that an accurate understanding of the anatomical course of the colon and the distribution of the vasculature, of the tumor morphology, and of the invasion depth are necessary.
CTC has come into wide use in recent years due to advances in CT devices and workstations, and in Europe and the US, CTC is used for screening colonic lesions. In Japan, however, CTC is used primarily for preoperative examination. As such, the role of CTC includes the evaluation of the colonic anatomy, identifying the lesion site, evaluating the depth of invasion, and evaluating any spread to other organs and/or lymph node metastasis. The role also includes preoperative simulation, evaluation of the area rostral to the site of stenosis in cases of colonic stenosis, and evaluation of the colon in patients in whom insertion of a laparoscope is expected to be difficult 16) . With CTC, it is possible to evaluate colonic lesions and search for metastases in a single examination, and in so doing, medical costs can be reduced. CTC is minimally invasive and safe, and it is completed in a relatively short period of time, so it is highly beneficial for patients 16)17) . By leveraging these features of CTC, we can determine the extent of intestinal resection required and prevent vascular injury. CTC-based preoperative simulation ensures that the surgery will progress both quickly and safely.
We used CTC in the patients described herein to calculate PV, RV, TV, and percentage occupancy, and we were then able to investigate how the percentage of the pelvic cavity occupied by the tumor or tumor and rectum relates to the degree of difficulty of the laparoscopic surgery and to the incidence of postoperative complications. Going forward, we hope to identify other clinical factors that influence outcomes so that we can assist in establishing safe and effective laparoscopic rectal surgery.
At first, we assessed the safety of laparoscopic surgery for rectal cancer by examining the occurrence of anastomotic leakage 10) . As noted above, the factors that confer a risk of complications from laparoscopic rectal surgery include male sex, a narrow pelvis, giant tumor, and obesity 9) . The incidence of anastomotic leakage is said to be higher following laparoscopic surgery for rectal cancer than following laparoscopic surgery for other cancers in the colon. Compared to an incidence of 2% -5% in the colon, the incidence in the rectum is higher at 10% -12% 1) . The diagnostic criteria for anastomotic leakage vary from hospital to hospital, but at our hospital, postoperative pyrexia, increased fatty tissue, ascites, and free air observed on abdominal CT images are included. The occurrence of these signs in combination is defined as an anastomotic leak, and we used these diagnostic criteria to diagnose anastomotic leakage in the present study.
In this study, by calculating the respective volumes, we determined that male sex, PV, RV, TV, and the percentage of the pelvic cavity occupied by the tumor and rectum have a significant effect on the development of anastomotic leakage. Previous reported studies have shown that the incidence of complications increases as the size of the pelvis decreases and that of the tumor increases 18) , but there are no reported studies that have investigated the relation between percentage of pelvic occupancy and complications. We found significant difference in the percentage of the pelvic cavity occupied by the tumor or the incidence of anastomotic leakage between the Ra group and the total patient group. Neither did we find a significant difference in the percentage occupancy between the Rs group and the Rb group. Because patients who undergo surgery for the Rb segment are created with a diverting ileostomy or have a transanal drain inserted temporarily to reduce the risk of repeat surgery, the symptoms of anastomotic leakage are reduced and do not necessarily match the diagnostic criteria for anastomotic leakage at our hospital. Thus, limiting the risk factors to tumor size and a small pelvis is inadequate, and we believe that the percentage occupancy is a better predictor of postoperative anastomotic leakage.
In examining safety of the surgical procedure, we took into consideration the degree of surgical difficulty. Yamagishi et al. used the duration of surgery, blood loss volume, number of staples used on the rectal stump, and the tumor location as indicators of the degree of difficulty during surgery for rectal cancer 19) . We used the time to tumor resection, the blood loss volume, and the number of staples used on the rectal stump as indicators of the degree of surgical difficulty, and we performed a comparative investigation between the high-percentage occupancy group, who are said to have an increased risk of complications, and the low-percentage occupancy group. We found no significant difference between the total patient group and the Ra group in the time to resection, but significant differences were observed in the blood loss volume and the number of staples used on the surgical stump. This suggests that, in addition to a higher incidence of anastomotic leakage, the degree of surgical difficulty is higher in patients who fall into the high-percentage occupancy group.
So, the question remains: What are the clinical implications of our findings? The risk of complications is known to be increased when the anastomosis is low. For this reason, a diverting ileostomy is usually created or a transanal drain is inserted, and this is thought to reduce the risk of repeat surgery 19)20) . We at our hospital create a diverting ileostomy or insert a transanal drain when the degree of surgical difficulty is predicted to be high, particularly in cases of extreme low anterior resection, after radiotherapy, and in cases of recurrence. However, no clear indications exist. Although it is important to avoid complications, a diverting ileostomy causes the patient psychological stress, and fluid management becomes difficult. These are certain disadvantages, and investigations should be performed to determine appropriate indications. In this study, a significant difference was observed in the percentages of pelvic space occupied by the tumor between the total patient group and the Ra group, and when we drew ROC curves, we found cut-off values of 43.2% and 43.9%, respectively. In other words, we can be on the alert for anastomotic leakage in patients that would fall into a high-percentage occupancy group. Based on the data we obtained, we believe that a diverting ileostomy should be created or a transanal drain should be inserted when surgery is performed in high-percentage occupancy patients.
Other factors that are taken into consideration to ensure safety are those accounted for in the current guidelines on colorectal cancer treatment. According to these guidelines, tumor factors such as the tumor location and degree of progression, patient factors such as obesity and a prior laparotomy, and surgical factors such as the surgeon's experience and technique should all be considered before a decision is made to perform laparoscopic resection 8) . To shorten the duration of surgery and reduce the possibility of postoperative complications, the aforementioned factors and the degree of surgical difficulty can be estimated preoperatively. We believe it is extremely important to establish strategies to deal with these factors during surgery. If this is the case, the indicators of the degree of difficulty that we identified in the present study, i.e, percentage(s) occupancy, may become useful. For example, in patients in whom the percentage occupancy is high, a high degree of surgical difficulty can be expected, and the surgery should be performed by an expert surgeon. We believe that if this precaution is taken, the influence of surgical factors, in addition to tumor and patient factors, will be minimized.
We believe also that the percentage occupancy will be useful not only for predicting the degree of surgical difficulty but also for predicting postoperative complications, and we wonder whether it will be possible to ensure a safer surgery by evaluating not only the conventional risk factors but also the percentage occupancy. Overall, we found the percentage of the pelvic cavity taken up by the tumor and rectum to be clear indicators of the degree of surgical difficulty that can be expected in patients undergoing laparoscopic surgery for rectal cancer.
Among our study patients, there were very few cases of anastomotic leakage, even among patients who underwent Rb resection, for which anastomotic leakage is most common. There was no suture failure in the cases in which we created a diverting stoma. It is possible that if we had performed imaging studies, we would have discovered some suture failures. Thus, we think image evaluation should be considered not strictly in cases in which suture failure is suspected but in all cases.
